A simple and reliable method for distinguishing Danshen is important to evaluate the quality and clinical efficiency of these species. An HPLC method was developed for the determination of protocatechuic aldehyde, salvianolic acid A, salvianolic acid B, cryptotanshinone, tanshinone I and tanshinone IIA in 23 samples of Salvia. The analytes were separated on an Agilent XDB C 18 reversed-phase column coupled with a Phenomenex C 18 guard column using a gradient elution of acetonitile -0.1% aqueous phosphoric acid as the mobile phase at a flow rate 0.8 mL/min and UV detection at 280 nm. The method allowing the simultaneous quantification of six major active compositions was optimized and validated for linearity, precision, accuracy and limits of detection (LOD) and quantification. The LOD ranged from 0.019 to 0.850 mg/mL (R 2 ! 0.9998). Accuracy, precision and reproducibility were all within the required limits. The average recovery between 96.49 and 102.16% and the relative standard deviations were <3.01%. Based on the six compositions content and clustering result, this research results suggest that these six major active compositions could be distinguishing markers for Danshen and non-Danshen.
Introduction
Salvia, a genus of the Lamiaceae, is known as a prolific source of traditional Chinese medicine (TCM) and national drugs (such as Tibetan, Nakhi, etc.) (1) . Radix et Rhizoma Salviae Miltiorrhizae (Danshen in Chinese) is a functional food and medicinal material in China. These roots have been commonly used for the treatment of coronary heart disease, cerebrovascular disease, bone loss, hepatitis, hepatocirrhosis and chronic renal failure (2 -5) . Based on pharmacological research, the active components of Danshen are classified into two groups: phenolic compounds such as potocatechuic aldehyde, salvianolic acid A and salvianolic acid B and tanshinone compounds such as cryptotanshinone, tanshinone I and tanshinone IIA (Figure 1 ). Pharmacological experiments have demonstrated that phenolic compounds can effectively restrain lipid peroxidation of the brain, liver and kidney; tanshinone compounds can efficiently resist bacteria and tumors, as well as diminish inflammation (6 -8) . In addition, the dried radix and rhizoma of other Salvia species containing S. castanea and S. przewalskii are commonly used as substitutes for Danshen in regions of China, particularly Sichuan, Yunnan, Qinghai and Gansu because of high demand (1, 9-11).
China is the birthplace and also a major producer and exporter of Danshen. But because of reduced Danshen production and increase in demand in the lower reaches, the Danshen market in the world is now in short supply, Danshen prices have gone high and more and more fake Danshen (for example, S. castanea, S. digitaloides, S. maximowicziana, S. paohsingensis, S. trijuga, etc.) products appeared. A simple and reliable method for distinguishing Danshen is important to evaluate the quality and clinical efficiency of these species.
Liu et al. studied phenolic acid from Danshen by HPLC-DAD-ESI -MS n , and 42 kinds of phenolic acids were identified (12) . In addition, Sun et al. (13) and Lou et al. (14) established an HPLC method for determination of four active constituents in Danshen tablet and Danshen, respectively. Cheng et al. (15) analyzed eight active constituents of Danshen and S. przewalskii. In sum, the goal of previous studies was to determine the active ingredient of Danshen or Salvia herbs-species of Salvia is scarce-and could not provide indication of Danshen chemical components as identification markers. Thus, the development of a simple and effective HPLC method is essential for the simultaneous determination of two kinds of active components as identification markers. This study aims (1) to develop a simple and reliable HPLC method for simultaneous determination of potocatechuic aldehyde, salvianolic acid A, salvianolic acid B, cryptotanshinone, tanshinone I and tanshinone IIA in Salvia and (2) to provide a method for identification of Danshen. This study is also the first to report on the HPLC quantitative analysis of certain species of Salvia.
Materials and Methods

Materials and reagents
The 23 samples of Salvia (consists of 6 strains and 9 different place of S. miltiorrhiza, 8 Salvia species). The Latin names, locations and percentages of the six major active constituents are listed in Table I . The samples of all these voucher herbarium were deposited in Sichuan Agricultural University Herbarium, Sichuan Agricultural University, Ya'an, Sichuan, China.
Standard substances of potocatechuic aldehyde, salvianolic acid B, cryptotanshinone, tanshinone I and tanshinone IIA were purchased from National Institute for The Control of Pharmaceutical and Biological Products (Beijing, China). Salvianolic acid B was bought from Mansite (Chengdu, China). Acetonitrile was supplied by Fisher (USA). All the other reagents used in this research were of analytical grade. Deionized water was purified in a RM-220 water purification system (Water Purifier Corporation, China).
Apparatus and chromatographic conditions
All analyses were performed on a Shimadzu LC-20A HPLC system (Shimadzu Technologies, Japan) equipped with a dual-pump solvent delivery system, an online degasser, an auto-sampler, a column temperature controller and an ultraviolet detector.
Chromatographic separation was conducted on an Agilent XDB C 18 reversed-phase column (5 mm, 250 Â 4.6 mm ID, Agilent, USA) coupled with a Phenomenex C 18 guard column (5 mm, 4.0 Â 3.0 mm ID, Phenomenex, USA). The detection was performed at 280 nm, the flow rate was 0.8 mL/min and the column temperature was maintained at 208C. The mobile phase was in gradient elution, which consisted of solvents A (0.1% aqueous phosphoric acid, v/v) and B (acetonitrile). The gradient program was optimized and conducted as follows: 0-20 min, 2-17% B; 20-60 min, 17-68% B; 60-70 min, 68-74% B; 70-88 min, 74-30% B; 
Sample preparation
All samples were milled and over-dried at 508C until a constant weight was achieved. Approximately 0.500 g of each dried sample was accurately weighed and extracted with deionized water in a Soxhlet extractor. Extraction was continued for 4 h and was followed by ultrasound extraction for 25 min with 80% ethanol. The mixed extract solution was concentrated and metered volume to 50 mL with deionized water. For HPLC analysis, a moiety of solution was filtered through a 0.45-mm membrane filter, and 10 mL of the filtrate was injected into the HPLC system.
Method validation
Linearity
Under optimal chromatographic conditions, each calibration graph was obtained by injecting a standard solution with six different concentrations, and this was performed in triplicate. The calibration graphs for each compound were plotted based on the linear regression analysis of the integrated peak areas (Y) versus concentrations (X) of the standard. The regression equation was calculated in the form Y ¼ aX þ b, where Y and X are the values of the peak area and sample amount, respectively. The standard solution was diluted with methanol to provide appropriate concentrations. The LOD was determined at a signal-to-noise ratio of 3.
Precision, stability and recovery S. miltiorrhiza "Aigan Broad leaf" was selected as a sample to validate the method. The intraday and interday variations for determining the precision of the developed method were evaluated based on the results of six replicate analyses in a single day and duplicating the experiments over a period of 3 days. Variations of the peak area were taken as the measures of precision and were expressed as percent relative standard deviations (RSD). Reproducibility was confirmed by preparing six independent analytical sample solutions prepared from the same sample batch. Variations were expressed as the RSD of the data set.
Sample stability test was determined with one sample at 0, 2, 4, 6, 8, 12 and 24 h. The solution was stored at ordinary temperature. The stability of the method was expressed as the RSD of the data set.
To determine the accuracy of the developed method, the recovery experiments were performed by adding three varying quantities of authentic standards to the samples as well as extracting and quantifying them according to the established procedure.
Statistical analysis
Cluster analysis with Euclidean Distance and UPGMA with SPSS 19.0 was conducted based on the quantitative distribution of the six major active compounds.
Results
Selection of HPLC condition
It is an important criterion for a high efficiency HPLC condition that the mark peaks have greatly baseline separation with adjacent peaks within a short analysis time as far as possible (15) . In this study, different HPLC parameters were examined and compared, including the following: detection wavelengths of 268, 280 and 288 nm; mobile phases consisting of acetonitrile-water system and methanol-water system; mobile phase flow rates of 1.2, 1.0 and 0.8 mL/min and column temperatures of 30, 25 and 208C.
The binary mixtures of the acetonitrile -water system exhibited a more efficient separation ability for the detected compounds than did the methanol -water system. The 0.1% (v/v) aqueous phosphoric acid was added to improve the peak shape. As indicated in Figures 2 and 3 , phenolic and tanshinone compounds have different chemical structures, properties and absorption spectra, and are difficult to baseline resolve under isocratic elution. Thus, gradient elution was used in HPLC analysis. The ultimately selected mobile phase system consisted of acetonitrile -0.1% aqueous phosphoric acid, which provides lower pressure and greater baseline stability. Under these experimental conditions, the retention times of the six components were 100 min, and the separation was satisfactory.
The most suitable flow rate was 0.8 mL/min. The results also suggested that separation was more efficient when the column temperature was maintained at 208C, and 280 nm was selected as the chromatogram detection wavelength. Under these conditions, all marker compounds could be detected and showed adequate absorption.
Method validation
The method was validated by the linearity, precision, stability and reproducibility of the results. Regression equations were derived from the external standard method. The calculated results are listed in Table II. R  2 in Table II refers to the correlation coefficient of the equation. All the standard compounds showed good linearity in the relatively wide concentration range. The LOD ranged from 0.019 to 0.850 mg/mL.
The RSD was taken as a measure of precision. The data showed that the RSD of intraday and interday variabilities ranged from 0.30 to 1.3% and 0.14 to 2.0%, respectively. For stability test, the same sample solution was analyzed for 24 h at room temperature, and the results indicated that potocatechuic aldehyde, salvianolic acid A, salvianolic acid B, cryptotanshinone, tanshinone I and tanshinone IIA remained stable (RSD 2.6%, Table II ). The average recovery of the six components was 96.49-102.16%, whereas that of the six standards ranged from 0.27-2.9% with an RSD of ,3% (Table III) .
The results of these tests indicated that the established method was accurate for the determination of the six chemical compounds in the Salvia samples.
Quantitative analysis of samples
The established method has been applied for the simultaneous determination of six major active compounds in the roots of 23 Salvia samples. Each sample was analyzed in triplicate to determine the mean content (%).The representative HPLC profiles are shown in Figure 2 and the results are summarized in Table I.   Table I indicates a significant difference in the contents of the six active major components in 15 samples of Danshen. The contents (%) of potocatechuic aldehyde, salvianolic acid A, salvianolic S. brevilabra, S. castanea, S. digitaloides, S. maximowicziana, S. przewalskii, S. paohsingensis, S. trijuga and S. yunnanensis were reported for the first time on the simultaneous determination of six major active compounds. The contents (%) of potocatechuic aldehyde, salvianolic acid A, salvianolic acid B, cryptotanshinone, tanshinone I and tanshinone IIA were in the following ranges: 0.003 -0.069%, 0.003 -0.170%, 0.027 -4.865%, not detected to 0.149%, not detected to 0.125% and not detected to 0.270%, respectively. This study confirmed that the six major active components could be used as markers for distinguishing Danshen. Cluster similarities based on the distributions of six major active compositions categorized the analyzed species into two groups: non-Danshen and Danshen (Figure 3 ). S. miltiorrhiza (15 samples) and S. przewalskii clustered together as a result of similarly high levels of concentration of the six major active components.
Discussion
In this study, an HPLC method was developed for the simultaneous determination of six major active components of Danshen and specific Salvia herbs. The method was validated by its linearity, precision, accuracy and reproducibility.
By studying all the sample of Salvia, they were able to determine that the variation in contents may be due to the different geographic environment, variations cultivation model, hereditary character and other factors. S. przewalskii had the highest phenolic compound count among all Salvia herbs in this study. S. castanea and S. trijuga contained high concentrations of tanshinone compounds. The presence of tanshinone compounds in S. maximowicziana was not indicated. Phenolic acids in S. przewalskii and tanshinones in S. castanea and S. trijuga were abundant, but S. maximowicziana and S. digitaloides were not suitable as Danshen substitutes because of relatively low medicinal composition.
Chemical identification of TCM materials is an important and useful means. Studies of identification of TCM materials have focused on HPLC fingerprinting with combined statistical analysis in previous studies (16) (17) (18) (19) . This research results suggest that six major active compositions could be used as markers for distinguishing Danshen and non-Danshen by simultaneous determination of active ingredient with cluster analysis. In addition, the result favors S. przewalskii as a substitute for Danshen. But S. castanea, S. digitaloides, S. maximowicziana, S. trijuga and S. yunnanensis may not be appropriate as substitutes for Danshen. 
